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ABSTRACT
Fourteen lithostratigraphic units composed of windblown, glacial, lake, slopewash, and stream sediment were distinguished in
McKenzie County,

The units were mapped using aerial photographs,

topographic maps, and soil maps combi11ed with field e:xaminations of
sediment outcrops.

Eight of the units have been formally named and

described in earlier studies.

Four of them, however, have not been

a"~ assigned names in this
previously named and formally described .a.nu
study.

Two other units are described, but because of their limited

exposure, are not assigned a formal lithostratlgraphic name.

The

oldest sediment exposed in the county was deposited du:ring the Paleocene and the youngest during the late Holocene.
The sediment of at least seven of the units was deposited as
a result of four separate glacial advances in McKenzie County.

The

ice of these advances ente:red the county from the north or northeast.
The most extensive advance extended as far as the Little Missouri
River in the southern part of the county.
The glaciers caused several major temporary and permanent changes
in the drainage of the county, mostly by the damming action of the ice in
stream valleys.

The most significant change was the diversion of Little

Missouri River eastward through the present site of the north unit of
Roosevelt National Park.

This diversion caused changes in most of the

drainage system of the Little Missouri 'River downstream from the })Oint
of diversion·.

ix

The most recent glacial advance in the county was restricted
mostly to the valley of Tobacco Garden Creek.

The ice of this advance

deposited the thick glacial sediment that makes up what is now referred
to as the Charlson End Moraine.
Postglacial geological activity in McKenzie County consisted
mostly of ,nndblown. stream, and slopewash deposition and erosion controlled largely by climatic conditions.

The greatest deposition and

erosion probably occurred during warm and dry periods when the protective cover of vegetation was sparse or absent.

X

INTRODUCTION
Area of Study
McKenzie County is located along the western margin of North
Dakota (Figure 1).

The county is bordered on the north and northeast

by Lake Sakakawea and the Missouri River.

Adjacent counties include

Willia.:ns, Mountrail. lJunn, Billings, and Golden Valley in North Dakota
and Richland County in Montana.
McKenzie County has an area of about 8000 square kilometres
making it the largest county in North Dakota.
The topography of most of the northern part of the county.
except near the larger rivers. consists of rolling to hilly areas
with slopes less than 25 degrees.

A few areas of nearly flat topog-

raphy occur along some of the stream valleys such as the valleys of
Cherry Creek and Tobacco Garden Creek.

Steep badlands, with slopes

greater than 25 degrees. and as much as 90 degrees, are located along
the major rivers in the county and in the southern part of the county,
especially adjacent to the Little Missouri River (Figurea 2 and 3).
The c:;.limate in the county is relatively dry with precipitation
averaging about 400 millimetres a year.
falls in the spring or summer.
peratures averaging 19°c.

Most of the precipitation

Summers are generally warm \.;rith tem-

Winters are cold with temperatures averar,-

ing about -11°C (Edwards, 1942, p. 9).

1

2

Fig. L
Map of North Dakota showing the location of Mcl<.en:d.e
County (crosshatched area) and the southwest extent of glaciation in
the state. The dotted line indicates the southwestern extent of
glaciation in the state.
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Fig. 2.

Sinplif:i.ed topographic tn.?.p of McKen:de County.
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Fig. 3. Physiographic map of McKenzie County. The land forms
are generalized and do not necessarily represent actual landforms in
the county.
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Field Methods
The geologic map of McKenzie County was constructed using stereoscopic aerial photographs and soils m::i.ps.
1:63 360) were used as base maps.

County highway maps (sca,le

Topographic maps used in the study

included the Watford City and Williston 1° and 2" topographic maps
(scale 1:250 000) and the thirtyfive 7~ minute topographic maps (scale
1:24 000) of the county available at the time from the United States
Geological Survey.
Field mapping was begun in May of 1975 and completed in August
of the same year.

The mapping consisted of drawing geologic contacts

in the field office based on aerial photographs and soils maps and then
field checking them by driving over the section line roads in the area
and walking over the more critical areas.
Over 100 samples of sediment were collected in order to identify and characterize specific geologic units.

Samples were taken as

much as possible from fresh stream and road cuts.

A hand auger was

used where the exposure was in poor condition.
Laboratory Methods
Samples of pebble-loam collected in the field were analyzed for
the relative anounts of sand, silt, and clay.

The very-coarse-sand

fraction of the pebble-loam was analyzed for its lithologic composition.
Pebble-loam is defined as poorly sorted sediment containing
about equal amounts of sand, silt, and clay with varying amounts of
pebbles, cobbles, and boulders.
The relative amounts of sand, silt, and clay in the pebble-loam
were determined using a sieve and hydrometer method employed by the

9

North Dakota Geological Survey (Moran, 1976, personal conununication).
The results are given as relative percentages of sand, silt, and clay
and are tabulated in Appendix A.

The pebble, cobble, and boulder con-

tent of the pebble-loahl was not determined because the samples were
too small to yield meaningful values.
The very-coarse-sand fraction (111UJ1 to 2 mm) of the pebbleloam was separated by sieving, and the relative amounts of igneous
and Detamorphic rock fragments, limestone and dolomite fragments, and
shale fragments detennined using a binocular microscope.

These three

rock categories were used because they are easily distinguished by
simple methods, they reflect the surface lithology of the areas traversed by the glaciers that deposited the pebble-loam, and they have
been found to be useful in distinguishing and correlating different
glacial sediment units in North Dakota.

Other rock types found, but

not included in the above categories, are scoria, pyrite, hematite,
limonite, siltstone, gypsum, and secondary carbonate rocks.

The

secondary carbonate rocks were formed in place and were not transported into the areas by glaciers.

The results of these analyses

are given as percentages, and are tabulated in Appendix A.
Samples of gravel were also collected in the field and their
physical characteristics described.

The characteristics described

included the degree of sorting, the average size of rock fragments,
the degree of roundness, and lithologic composition of the gravel.
The approximate amounts of the various rock types £ound in tl1e gravel
are tabulated in Appendix B.

c.

Sample locations are listed in Appendix

LITHOSTRATIGR.APHY
Fourteen lithostratigraphic units were distinguished in McKenzie
County.

Eight of the units have been named in other studies; however,

four of the units have not been named are herein described and named
accordance with the Code of Stratigraphic Nomenclature.
units, the

11

Two of the

Cro·,1 Flies High sediment 11 and the "Osborn fluvial sediment"

are exposed in only one place in the county are therefore not assigned
formal lithostratigic designations.
I have tried to minimize the addition of new stratigraphic units
to an already cumbersome Pleistocene Stratigraphic framework in western

North Dakota.

The four new units designated, the Glass Bluff, the

Charbonneau Creek, the ~edwing Creek, and the Demicks Lake Formations,
are lithologically distinct and cannot at this time be justifiably
included as parts of any previously named units.
The units are described in order of age with the oldest described
first and the youngest described last.

Figures 4, 5, and 6 indicate the

relative stratigraphic positions of the units in the county.
Fort Union Grou~
McKenzie County is underlain by the silty, sandy, clayey sediment of the Fort Union Group.

The sediment is especially well exposed

in the southern part of the county and along the major rivers where it
has been deeply eroded to form steep badlands.
The Fort Union Group consists of three formations, but only the
upper two are e>.-posed in the county.

The lower formation is the Tongue

· 10
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Fig. 4.
Creek.

Generalized cross section across the valley of Redwing
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Fig. 5. Generalized cross sections across the valleys of
Charbonneau Creek and the Yellowstone River.
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Fig. 6. Generalized cross section from Lake Sakakawea south
to about 10 kilometres south of the Blue Buttes.
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River Fornation.

It is best exposed in the southern part of the county

along the lower parts of the larger stream valleys.
It is also exposed along the Yellowstone and Missouri Rivers,
especially in the western part of the county.
Sentinel Butte Foroation.

The upper unit is the

It is best exposed in the northern part of

the county.
The Fort 'Cnion Group consists of a wide variety of sediment
types including both poorly and well indurated layers of sand, silt,
clay, sandstone, limestone, and lignite.

Spherical limonite concre-

tions are found in the sediment, and in some areas clay overlying lignite beds has been baked when the lignite burned forming a hard,
pinkish-orange rock locally referred to as "scoria."

The sand and

sandstone is fine to medium grained, generally moderately well sorted,
and is composed mostly of quartz grain:::.
cemented with carbonate cement.

The sandstone is mostly

Both flat bedding and cross bedding

are present in the sand and sandstone.

The clay in sediment of the

Fort Union Group is mostly montmorillonite or illite (Hickey, 1972,

p. 111).
A large variety of colors is seen in the sediment of the Fort
Union Group.

}lhen viewed from a distance several kilometres, large

exposures of the sediment, such as those along the Little Missouri
River, have a dull yellow and gray color, with the Tongue River Formation being more brightly colored than the Sentinel Butte Formation.
Several of the individual layers, however, when viewed from a distance
of only a few hundred metres, are bright yellow and white, and contrast
sharply with adjacent, well exposed lignite beds.

18

In the southern part of the county along the Little Missouri
River, the sediment of the Fort Union Group forms steep slopes over
100 metres high.

Slumping is common in many of the steep areas because

of the soft nature of the sediment.

Most of the valley bottoms, such

as those in Roosevelt National Park, consist mostly of large tilted
raa.sses of sediment that have slumped onto the valley floor from the
adjacent walls.
Although the base of the unit is not exposed in McKenzie County,
the thickness of the sediment of the Fort Union Group is estimated to
be greater than 400 metres near the Little Missouri River.
The Fort Uriion Group is the surface unit in much of McKenzie
County.

In a few small areas it is conformably overlain by the Golden

Valley Formation.

Otherwise the contact between the Fort Union Group

· and younger units in the county is unconformable.

The Fort Union Group consists mostly of stream sediment deposited by eastward flowing rivers during the Paleocene Epoch.

The sedi-

ment includes various types of backswamp, floodplain, and channel sediment probably derived from highlands to the \v'est or northwest of the
county (Royse, 1972, p. 37).
Golden Valley Formation

The Golden Valley Formation includes a sequence of sediment
types similar in appearance and origin to the underlying Fort Union
Group.

However, the Golden Valley Formation is lithologically dis-

tinct, and, unlike the Fort Union Group, is limited in occurrence in
McKenzie County to a few small, isolated buttes.
The Golden Valley Formation is divided into an upper nnd lower
member.

The lower member is about 15 to 25 metres thick and consists

19
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of interbedded layers of generally poorly indurated sand, silt, and
clay.

The sand and silt is composed mostly of kaolinite (Hickey, 1972,

p. 106).

The color of the lower member ranges from dull gray and yel-

low to bright orange and white making the unit one of most conspicuous
in the county.
The upper member is about 50 to 75 metres thick and consists
mostly of well indurated, dully gray and yellow, micaceous sandstone.
The

sand is well sorted and well rounded and consists of 5 to 20 per-

cent mica grains and 80 to 95 percent quartz grains.
and cross bedding are found in the·unit.

Both flat bedding

The thickness of individual

beds ranges from 1 millimetre to 1.5 metres.
Exposures of the Golden Valley Formation in McKenzie County
are limited to two areas.

The lower member is found in the Grassy

Buttes area in the southern part of the county.

The upper member is

restricted mostly to the Blue Buttes area in the eastern part of the
county where it forms prominent sandstone caps on many of the larger
buttes.
The lower ~ember of the Golden Valley Formation conformahly

overlies the Fort Group.

Recent studies suggest that the lower member

may be a weathering zone (paleosol) developed on the Sentinel Butte
Formation of the Fort Union Group.

The age of the lower member of the

Golden Valley Formation is thought to be Paleocene based on fossils in
the unit.

The upper member of the Golden Valley Fonnation unconformably
overlies the lower member and consists of stream sediment deposited
probably during Eocene Epoch (Hickey, 1972, p. 105-121).

20

Glass Bluff Formation
The Glass Bluff Formation consists of layers of quartzitic sand
and sandy gravel occurring mostly in the upper parts of bluffs along
the Yellowstone and Missouri Rivers.

The unit is nanied for Glass Bluff,

which is located in the northwest corner of McKenzie County near the
confluence of the Yellowstone and Missouri Rivers.

The sediment of the

Glass Bluff Fo1.'1"'..ation was originally described by Howard (1960, p. 19)
and was included as part of the "Cartwright Gravel. 11

Howard defined

the Cartwright Gravel as most or all of the sand and gravel deposited
by streams in weste'!'.'n North Dakota and eastern Montana during a time
when the streams were flowing along a higher surface than at present
(Howard referred to the surface as the Missouri Plateau Peneplain).
This definition. however, is an event-stratigraphic rather than a
lithostratigraphic definition.

Therefore, I have defined the sandy

gravel located in the upper parts of the bluffs along the Yellowstone
and Missouri River.s north of Cartwright, North Dakota as the Glass
Bluff Foruation.
The type section of the Glass Bluff Formation is located in
sec, 18, T151~, Rl03W.

The exposure is located in a bluff near the

Yello-...stone River in the northwest corner of the county (Figure 7).
The sediment of the Glass Bluff Formation is generally moderately sorted ~ith about 10 percent sand and 90 percent psbbles, cobbles, and boulders.

The largest boulders are over 0.3 metres in

diameter.

The pebbles, cobbles, and boulders are generally subround

to round.

The rock types composing the gravel include various kinds

of metamorphic and volcanic rocks, chert, quartzite, petrified wood,

21

Fig. 7.

'

Type section for the Glass Bluff Formation.
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Unit

Depth From
Surface (metres)

Description

Oahe. Fm.

0 - 1

Light tan silt, burrowed,
vertical jointing, contains some pebbles

Horseshoe Va.lley Fm.

1 - 2.5

Pebble-loam, coarse sand
(57-36-7), dense vertical
jointing, some interbedded
layers of sand and gravel

Glass Bluff Pm.

2.5 - 5

Interbedded sand and gravel,
iron oxide stained, well
rounded rock fragments,
mostly chert, volcanic, and
metamorphic rock fragments

Fort Union Grp.

5 - bottom

Interhedded clay, silt,
sand, sandstone, lignite,
scoria, limonite, and
limestone

*Pebble-loam: Coarse sand (metamorphic and igneous rock typescarbonate rock types-shale)i.
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and some limonite (Table 1).
the gravel.
staining.

Carb.onate rocks are nearly absent from

The gravel is orange and yellow as a result of iron oxide
In so~e exposures, the iron o~ide is present in sufficient

amounts to cement the gravel forming a crumbly conglomeJ~ate.

Flat

bedding and cross bedding are found throltghout the sediment, with the
beds dipping generally to the north or northeast.

TABLE 1
AVERAGE LITHOLOGY OF GRAVEL (ESTIMATED)
8 Lithology

No. of
Samples

Unit

Meta.

Vole.

Qtz.

(%)

Cht.

Carb.

0th,

Charbonneau Crk. Fm.

3

12

8

2

12

0

66

Redwing Crk, Fm.

1

5

5

15

20

15

40

Glass Bluff Fm.

3

22

22

12

40

0

4

aMeta: (metamorphic), Vole.: (volcanic), Qtz: (quartz and
quartzite), Carb: (carbonate), 0th: (other--mostly limonite, scoria,
sandstone, siltstone, and petrified)
The sand layers occur both above and below the gravel and are
interbedded with it.

The sand is fine to medium grained, '\vell sorted,

and contains mostly quartz grains.

The sand is light yellow.

The thickness of the Glass Bluff Formation ranges from about 3
metres to 15 metres.

The only e:is."Posures of the Formation £01.ind in

McKenzie County occur along the Yellowstone and Missouri Rivers in the
northwest part of the county within about 20 kilometres south and east
of the confluence of the two rivers.

Sediment similar in appearance

and composition to that of the Glass Bluff Formation is present along

24
Charbonneau Creek about 10 kilometres east of the Yellowstone River.
Whether or not this gravel is equivalent to the sediment of the Glass
Bluff Fomation, however, is unknown.
The Glass Bluff Formation unconfonnably overlies the Fort
Union Group and is unconformably overlain by the Medicine Hill Formation.
The sedii::ient is differentiated from other units in the county
mostly by its lack of carbonate rocks and locally derived limonite
and scoria.

The rock fragments in the Glass Bluff Formation also

tend to be more rounded than the rock fragments in other units.
The Glass Bluff Formation consists of stream sediment probably
deposited by the Yellowstone River.

It appears unlikely that any of

the sediment in McKenzie County was deposited by the Missouri River.
The reasons for this conclusion are given in the historical interpretation section of this paper.
Redwing Creek Formation
The Redwing Creek Formation is here named for Redwing Creek, a
tributary of the Little Missouri River, located in the southern part

of McKenzie County.
The type section of the Redwing Creek Formation is located 6
kilometres north of the Little Missouri River near Redwing Creek in

sec. 5, Tl47N, RlOlW.

The exposure is in terrace near Redwing Creek

(Figure 8).
The Redwing Creek Formation consists of sandy gravel that contains about 10 to 15 percent sand and 85 to 90 percent gravel.

The

sand is medium to coarse grained and is co1nposed of mostly quartz

25

Fig. 8.

Type section of the Redwing Creek Formation.
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Unit

Ul'l!ON

GRP.

Depth From
Surface (metres)

~edwing Creek Fm.

0 - 1

Sandy gravel, poorly sorted
angular fragmentst mostly
limonite, limestone, quartz,
and chert fragments.

Fort Union Grp.

1 - 4

In.terbedded clay, silt, sand,
sandstone, lignite, scoria,
limonite, and limestone
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fragments,

The rock fragments in the gravel are subangular to subround

in shape and range in size from 2 millimetres to about 0.1 metres.

The

fragments include limestone, limonitet petrified wood, quartz, quartzite,
and a few metamorphic and igneous rock types.

The color of the unit is

dull, grayish purple because of the large amount of purple colored
limonite.

No bedding was seen in any of the exposures.

The Redwing Creek Formation is about O. 5 to 1. 5 metres thick.
It is li~ited in occurrence mostly to a set of terrace remnants located
north of the Little l1issouri River in the abandoned channel of the river
near Redwing and Bowline Creeks,
The Redwing Creek unconformably overlies the Fort Union Group
and is unconformably overlain by the Oahe Formation.

In many areas

where it occurs, however, it is the surface sediment.
The sediment is differentiated from other gravel units in
McKenzie County nostly on ,the basis of its large content of limonite,
quartz, and quartzite fragments,

The rock fragments of the Redwing

Creek Formation are generally more angular than rock fragments in
other gravel units in the county.
The abundance of chert and quartz fragments in the Redwing
Creek Fon:iation suggests that it was deposited by the Little Missouri
River.

The lack of glacially derived rock fragments and the position

of-the gravel in an abandoned channel of the Little Missouri River
north of the present channel suggests that the gravel was deposited
before the glaciation that caused the diversion of the Little Missouri
River eastward away from the now abandoned channel.

The Little

Missouri River was probably flowing along the surface on which the
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gravel of the Redwing Creek Formation was deposited when the diversion
took place·.

Therefore, the gravel was probably deposited not long

before the ice of Glaciation A entered the area.
The age of the Redwing Creek Formation is unkno~.

Its deposi-

tion not long before the advance of the ice of the eurliest known
glaciation in the area, glaciation A, indicates that it was probably
deposited during the Pleistocene Epoch, but a more specific time of
deposition was not determined.
Medicine Hill Formation
Ulmer and Sackreiter (1973) described a sequence of sediment
occurring in the bluffs along L~ke Sakakawea in Mercer County and
named it the Medicine Hill Formation.

In the exposures described by

Sackreiter and Ulmer, the Medicine Hill Formation contains an upper
member and a lower menber.

The upper member consists of a well jointed

pebble-loam, and the lower member consists of several layers of silt,
sand and gravel.
Sediment that is similar in appearance and composition to the
pebble-loam of the upper member is found in McKenzie County and is
assigned to Medicine Hill Formation.
me.~ber, however is absent.

The lower silt, sand, and gravel

A thick layer of bedded silt and clay

eA-posed near the mouth of Charbonneau Creek is thought to underly the
pebble-loam. of the Medicine Formation.

This bedded silt and clay will

be considered part of the Medicine Hill Formation in this paper although
more study is necessary to determine the full nature of the relationship.
The pebble-loam of the Medicine Hill Formation found in McKen:de
County is light olive gray to pale yellow (SY 6/2 to 5Y 6/3) nnd
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contains a few thin, interbedded lenses of sand and gravel.

The pebble-

loam contains an average of 24 percent sand, 35 percent silt, and 41 percent clay (Table 2).

An analysis of the very-coarse-sand fraction of

pebble-loam indicated an average of 56 percent igneous and metamorphic
rock frag~ents, 33 percent limestone and dolomite, and 10 percent shale
(Table 3 and Appendix A).

Columnar jointing is present in some of the

exposures of the pebble-loam.

}!here the pebble-loam has been weathered,

it is crumbly and contains a large amount of iron oxide and gypsum particles.

TABLE 2
AVE-.~GE GRAIN SIZES OF PEBBLE-LOAM
Grain Size (%)
No. of

Unit

Samples

Sand

Silt

Clay

16

28

35

37

s

31

32

23

37
27

37

36

8

24

35

41

Demicks Lake Fm.
Snow School Tu.
liorseshoe Valley Fm.
Medicine Hill Fm.

TABLE 3
AVERAGE LITHOLOGY OF VERY-COARSE-SAND FRACTION
8

S.and Grain Lithology (%)

No. of

Unit
Demicks Lake Fm.
Snow School Fm.
Horseshoe Valley Fm.
Medicine Hill Fm.

Samples

Meta. + Ign.

Carb.

Sh.

16

54

34

12

5
23

83
63
57

15

2

34

3

33

10

8

aHeta. + Ign: (Metamorphic and Igneous Rocks), Carb: (Carbonates)
Sh: (Shale)
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The silt and clay located beneath the pebble-loan near Charbonneau Creek is thinly bedded and light gray to tan.

The individual beds

in the sediment range in thickness from 1 to 3 millimetres.

Both cross

bedding and flat bedding are present in the sediment with only a sraall
amount of contortion of the heds.

Orange iron oxide staining is found

along some of the bedding planes, and a few beds contain thin layers of

}'

coal fragments.

Thin discontinuous layers of fine, silty, sandy gravel

occur in some parts of the sediment.
The Medicine Hill Formation unconformably overlies the Fort
Union Group.

The pebble-loam occurs at the surface in the southern

part of the county except where it is overlain by the silt of the Oahe
Formation.

In the northern part of the county it is overlain by the

Horseshoe Valley Formation.
The pebble-loam of the Medicine Hill Formation occurs farther
south than any other pebble-loan in the county (Figure 9).

The only

known exposures of the underlying silt and clay are near the mouth of

Charbonneau Creek south of Cartwright, North Dakota.
The thickness of the pebble-loam of the }1edicine Hill Formation
decreases from about. 3 metres in some outcrops in the northern part of
the county to less than 0.5 metres in the southern part.

The thickness

of the bedded silt and clay is about 8 metres.
The sediment of the Medicine Hill Fornation was deposited by the

(

ice of Glaciation A.

The thin layers of sand and gravel are the result·

of stream activity associated with this glaciation.

The thinly bedded

silt and clay is thought to be lake sediment deposited ·in a lake formed
by the damming of the Yellowstone River by the ice of Glaciation A.

Glacial damming is the only way that the Yellowstone River is likely
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Fig. 9.

Map of McKenzie County showing the maximum area covered

by each of the four known glaciations in the county.
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to be datamed in this area long enough for a thick sequence of lake sediment to be deposited.

It seems likely that the lake sediment was depo-

sited before the ice of glaciation A had advanced across the county
because of the absence of any glacially derived rock fragments in the
gravelly layers of the lake sediment.

Glacial rock fragments would be

expected if'the area had been covered with the sediment deposited by
the ice of Glaciation A.

The time of deposition of the Medicine Hill

Formation is unknown.
Salomon (1974, p. 9) described the pebble-loan and the bedded
silt and clay in the northwest part of the county ~nd referred to them
as units Band C respectively.

She also correlated the pebble-loam

with the Hedicine llill Formation.
Charbonneau Creek Formation
The Charbonneau Creek Formation is here named for Charbonneau'
Creek, a tributary of the Yellowstone River located in the northwest
part of McKenzie Cou."1ty near the town of Cartwright.

The Charbonneau

Creek Formation consists of interbedded layers of silt, sand, and
gravel.
The type section of the formation is located along Charbonneau
Creek in sec. 31, T151N, lU03W (Figure 10).

The Charbonneau Creek For-

mation is fou.~d in bluffs along several streams in the western part of
McKenzie County that are tributaries of the Yellowstone River.
The Charbonneau Creek Formation consists of sandy gravel that
grades upward into thinly bedded silt and sand.

The sandy gravel con-

tains about 40 percent sand and 60 percent gravel.

The sand is fine

to medium grained and is composed mostly of quartz grains.

The pebbles
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Fig, 10.

Type section of the Charbonneau Creek Formation.
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CHARBONNEAU
NW, SW,

SW,

CREEK
SEC. 31,

FORMATION
Tl51N 1 Rl03W

HORSESHOE
VALLEY

FM.,

CHARBONNEAU
CREEK

FM.

MEDICINE HILL FM.

Unit

Depth From
Surface (metres)

*Description

Oahe

0 - 1

Light gray silt, Burrowed,
contains some pebbles

Horseshoe Valley Fm.

l - 6

Light gray and brown
pebble-loam, coarse sand
(76-26-3), columnar
jointing

Charbonneau Creek Fm.

6 - 10

Interbedded silt, s~nd,
and gravel, fines upward,
flatbedded, gravel contains mostly limonite,
limestone, and metamorphic ro.ck types.

Medicine Hill Fm.
silt and clay layer

10 - 16

. Thinly bedded, vaguely
crossbedded, gray silt
and clay, some thin
gravelly lenses, slight
contortion of bedding

*Pebble-loam: Coarse sand (metamorphic and igneous rock typescarbonate rock types-shale)%
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in the gravel are angular to subround and are up to 25 millimetres in
diameter.

The pebbles include mostly limonite and limestone fragments,

with small amounts of petrified wood and glacially derived metamorphic
and igneous rocks (Table 1).

The color of the gravel is grayish purple

as a result of the large number of purple limonite pebbles.
The thinly bedded silt and sand above the sandy gravel is light
gray and yellow and consists mostly of quartz fragments.
fine to very-fine-grained.

The sand is

The individual beds are 1 millimetre to 20

millimetres thick are mostly flat lying.

No cross bedding was seen in

this part of the unit.
The thickness of the sediment of the Charbonneau Creek Formation ranges from 0.5 to 4 metres,

In most exposures, however, the

thickness of the sediment is only about 1 to 2 metres.
The sediment of the Charbonneau Creek Formation is differentiated from other sediment in the county mostly on the basis of the
lithologic composition of the gravel,

The only other unit in the

county similar in cooposition to the Charbonneau Creek Fonnation is
the Redwing Creek Fornation.

The Redlv'ing Creek Formation contains

almost as much limonite as the gravel of the Charbonneau Creek Formation, however, unlike the Redwing Creek Formation, the Charbonneau
Creek Formation contains some glacially derived metamorphic rock fragments and very few quartz or quartzite fragments.
The stratigraphic position of the Charbonneau Creek Fonnation
is unclear.

The unit has been arbitrarily placed above the Medicine

Hill Formation, however, the actual position of the unit requires more
study.

In the exposures of the Charbonneau Creek Formation examined,
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the unit unconfornably overlies the :For.t Union Group and is unconformably
overlain by the P.orseshoe Valley Formation.
The sand and gravel of the Chn.rbonnea.u Creek Formation was probably deposited in tributary streams of the Yellowstone River.

However,

the origin of the overlying silt and fine sand is less clear.

It may

have been deposited by the same streams that deposited the sand nnd
gravel, or it may have been deposited in a lake that existed at one
time in the Yellowstone and Charbonneau Creek valleys.

The solution

of this problem vill require further study.
The time of deposition of the Charbonneau Creek Formation relative to glacial advances in the area also presents a problem.

The sedi-

ment is overlain by the Horseshoe Valley Formation (Glaciation B) indicating that the Charbonneau Creek Formation could have been deposited
during either Glaciations B or C or so~e time between them.

The pres-

ence of glacially derived pebbles in the sediment suggests that the
Charbonneau Creek Formation was not deposited before Glaciation A.
Evidence discussed in the historical interpretation section suggests
that it is unlikely that enough glacially sediment existed in the
county prior to Glaciation A to contribute a significant amount of
glacially derived pebbles to the sediment of the Charbonneau Creek
Formation.
Horseshoe Valley Formation
Ulmer and Sackreiter (1973) defined the Horseshoe Valley Formation in the bluffs along Lake Sakaka\.rea in Mercer County and :recognized

two members in the unit.

The lower member is iron-oxide stained con-

glomerate overlain by a layer of flat and cross bedded, fine-grained,
white sand.

The upper member is well jointed pebble-loam.
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In McKenzie County the lower member is not found; however, a
layer of sand and gravel occurs above the pebble-loam of the Horseshoe
Valley Formation in many of the eA-posures.

For this reas~n, the sand

and gravel ~ill be considered an additional member and will for convenience be referred to as the upper gravel member.

The upper member

(pebble-loam) of Sackreiter and Ulmer will be referred to as the
pebble-loam ~ember.

The pebble-loam member consists of light tan to dark brown (5Y
6/2 to 2.5Y 4/2) pebble-loam with a few small, interbedded lenses of

.

poorly sorted sand and gravel.

An analysis of the relative amounts of

sand, silt, and clay in the pebble-loam indicates about 27 percent
sand, 37 percent silt, and 36 percent clay.

An analysis of the lithol-

ogy of the very-coarse-sand fraction indicates 63 percent igneous and
metamorphic rock types, 34 percent limestone and dolomite, and 3 percent shale (Table 2).

In fresh e~posures the pebble-loam is dense,

well jointed, and has a granular appearance.

Many of the exposures,

however, are thin and patchy, and the pebble-loam tends to be crumbly

and more weathered looking than in fresh exposures.
The upper sand and gravel member of the Horseshoe Valley Formation consists mostly of cross bedded and flat bedded silt, sand, and
gravel.
rust.

The color of the sediment ranges from light yellowish gray to
The gravel contains mostly subangular to subround roe~ fragments

that are up to 0.5 metres in diameter.

~ock types include mostly lime-

stone and dolomite, metamorphic rocks, chert, and quartzite, with
smaller amounts of limonite, scoria, petrified wood, and volcanic

rocks.

The sand and silt is interbedded with the gravel and consists

mostly of quartz fragments.
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In Mclenzie County, the Horseshoe Valley Formation is found in

the northern part of the county and does not extend as far south as the
Medicine Hill FoI1";Jation.

The Horseshoe Valley Formation unconformably overlies the Charbonneau Creek Fornation and is unconformably overlain by the Snow
School Formation.

In the central pa.rt of the county, the Horseshoe

Valley Formation is exposed at the surface except where covered by
the silt of the Oahe Formation.
The pebble-loam member of the Horseshoe Valley Formation was

deposited by the ice of Glaciation B.

The lenses of sand and gravel

in the unit consist of stream sediment associated with this glaciation.

The upper gravel member consists of sediment deposited by

stre~s associated with a glacial advance in the county.
uncertain whether it was Glaciation nor C.

It is

The age of the sedi-

ment of the Horseshoe Valley Fonnation is unknown.
Salomon (1974, p. 12) described the sediment of the Horseshoe
Valley Formation in the northwest part of McKenzie County and referred
to the pebble-loam member a.s unit E and the upper gravel member as
unit G.
Snow School Formation
the Snow School Formation, defined by Ulmer and Sackreiter
{1973), contains three members in the bluffs along Lake Sakakawea in
Mercer County.

The lower member consists of poorly sorted silt,

sand, and gravel, the middle member consists of layers of sand,
silt, clay, and pebble-loam, and the upper member consists of
pebble-loam.
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Only the upper member of the Snow School Formation is found in
McKenzie County.

It is composed of light tan to dark brown (SY 6/2 to

2.5Y 4/2) pebble-loam, and a few thin interbedded layers of sand and
gravel.

The pebble-loan is dense, has columnar jointing, and has a

granular appearance in ~ost outcrops.

An analysis of the relative

amounts of sand, silt, and clay in the pebble-loam indicates 37 percent sand, 25 percent silt, and 37 percent clay.

The analysis of the

lithology of the coarse-sand fraction indicates 83 percent igneous
and metamorphic rock types, 15 percent limestone and dolomite, and
2 percent shale (Tabla 2).

i
. !

The Snow School Formation is found only in the northern part
of McKenzie County.

Its southern extent is uncertain because of the

patchiness of occurrences of th~ sediment, but the absence of the
formation near the southern margin of the sediment of the Horseshoe
Valley Formation suggests that it probably does not extend as far
south as the Horseshoe Valley Formation.
The Snow s.chool Formation is unconformably underlain by the
Horseshoe Valley Formation.

The pebble-loam of these two units is

similar in appearance and is difficult to distinguish in the field
except where a boulder pavement occurs between them.

The Snow School

Formation is unconformably overlain by bemicks Lake Formation.
The pebble-loam of the Snow School Formation was deposited by
glacial ice during Glaciation C.

The small layers of sand and gravel

were deposited as a result of stream activity associated with this
glaciation.

The age of the Snow School Formation is unknown.

Salomon (1974. p. 13) described the sediment of the Sno't-t School

Formation in the northwest part of McKen~ie County and referred to it
as unit F.
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nemicks Lake Fonnation
The Demicks Lake Formation is here named for Demicks Lake.
Demicks Lake is a small marshy lake in eastern McKenzie Coun.ty adjacent to the east side of the Charleson End ?foraine.
The type section of the l:>emicks Lake Formation is located
along Clear Creek, a tributary of Tobacco Garden Creek.

It is

exposed in a small bluff along the north side of the strea..~ in sec.

7, R97W, Tl52N (Figure 11).
The Demicks Lake Formation consists of a hard, light gray to
very dark gray (5Y 7/1 to 5Y 3/1) pebble-loam, and a few small interbedded layers of sand and gravel overlain in some areas by a 1 to 2
tnetre layer of bedded silt, sand, and gravel.

The relative amounts

of sand, silt, and clay·in the pebble-loam average 29 percent sand,
35 percent silt, and 37 percent clay . . The lithologic analysis of
thj;L very-coarse-sand fraction indicates an average of 54 percent
igneous and metamorphic rock types,
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mite. and 12 percent shale (Table 2).

percent limestone and doloColumnar and horizontal

jointing are cowmonly found in fresh exposures.
The bedded silt, sand, and gravel overlying the pe~ble-loam
is light yellow and poorly consolidated.

The pebbles consist of

various metamorphic and igneous rock types, qua~tz, quartzite,
limonite, and some scoria.
much of the sediment.

Yellow iron-oxide staining is pre·sent in

The sand and si.lt is generally n1oderately well

sorted and consists mostly of quartz fragments.
l to 3 millimetres thick and mostly flat lying.

The bedding is about

::iW.

-

OAHE FM.
DEMICKS

... . .. .~. .

LAKE FM .

..

*Description
dark bro,m silt, Burrowed,
contains some pebbles

Light brown pebble-loam,
coarse sand (58-26-15),

vert:lcal jointing, dense
fine, yellowish sand

igneous rock types-

,' :,, jl
,::\,,

11-lilllilllll-
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Several large, tilted blocks of light gray to light yellow,
thinly bedded sand, silt, and clay about 20 metres thick are located
in an exposure of the formation along Sand Creek.

The blocks appear

to be completely surrounded by pebble-loam.
The thickness of the sediment of the Demicks Lake Formation
ranges from about 30 metres near its eastern margin to about 3 metres
along the western margin.
The sedi~ent of the Demicks Lake Fonnation is restricted mostly
to an area of hur:imocky glacial topography, about 3 kilometres wide,
south of Lake Sakakawea, and adjacent to the east side of the valley
of Tobacco Garden Creek.

The area extends southward to within about

10 kilometres north of Watford City.

Several small exposures of the

form.ation are also located along take Sakakawea north of Four Bears
Bridge in the eastern part of the county.
The Demic:ks Lake Formation unconformably overlies either the
Fort Union Group, the Snow School Formation, or the Horseshoe Valley
Formation.
tion.

It is overlain by the Oahe Formation or the Coteau Forma-

The stratigraphically higher "Crow Flies High Sedinient 11 was

not found overlying the Demicks Lake Formation.
The pebble-loam of the Demicks Lake Formation is differentiated
from the pebble-loa.~ of the Snow School and Horseshoe Valley Formations
by its gray color and its relatively large shale content.

The small

amount of locally derived material in the pebble-loam of the Demicks
Lake Formation distinguishes it from the pebble-loam of the Medicine
Hill Formation.
The sediment of the Demicks Lake Formation may correlate with
recently deposited glacial sediment in Mountrail County that Clayton

:
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(1972, p. 57) considered to be part of the Lost~ood Drift.

The topog-

raphy in the areas where the sediment of both units is exposed consists
of fresh looking hununocky glacial topography.

However, on the basis of

evidence discussed below, much of the sediment of the Demicks Lake Formation is thought to have been deposited before the sediment of the
Lostwood Drift in Mountail County, but both were probably associated
with the same glaciation.
The Demicks Lake Formation consists mostly of glacial sediment
snd small amounts of fluvial sediment.
ing Glaciation Din McKenzie County.

The sediment was deposited durThe overlying silt, sand, and

gravel is probably stream sediment although the thinly bedded silt may
be lake sediment.

The origin of the large blocks of stratified sedi-

ment is discussed in more detail in the section on historical interpretation.
The age of the Demicks Lake Formation is uncertain.

However, if

it correlates with the Lostwood Drift, it may have been deposited during

the late Wisconsinan Age, probably about 13 000 to 16 000 years ago
(Clayton, 1972, p. 61-62),
,.Crow Flies High lake sediment"

and
"Osborn fluvial sediment"
Clayton (1972, p. 58) described a layer of bedded silt and clay
overlain by a layer of sand and gravel that he referred to as the "Crow
Flies High lake sediment 11 and the "Osborn fluvial sediment" respectively.
He did not, however, attempt to forr.i.ally define and name the units.
Only one exposure of this sediment 'Was found in McI<emde County.
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Because of the apparent limited extent of the units in the county it
does not seem appropriate to attempt to formally define and name them
in this paper.

The sediment is historically significant, however, and

therefore will be discussed using informal names.
The exposure of the "Cro'W' Flies lake sediment" and the

11

0sborn

fluvial sedi.nent" NcKeozie County is located in a bluff along Lake
Sakakawea near the mouth of Tobacco Garden Creek in the northeast part
of the county.

Only a small part of the shoreline of Lake Sakakawea

in McKenzie County was examined however, and it is possible that a more
extensive study of the bluffs will reveal more exposures of the unit.
The "Osborn fluvial sediment" consists of light gray to dark
gray, ioterbedded silt, sand, and gravel.

The gravel is poorly sorted,

and contains boulders up to 0.2 metres in diameter.

The gravel is iron-

oxide stained, and includes li~onite, scoria, metamorphic rocks, limestone, dolomite, and volcanic rocks. · The pebbles are imbricated and
dip to the northeast.
Some of the sand and silt of the "Osborn fluvial sediment" is
interbedded with gravel, but ~ost of it occurs below the gravel.

The

sand is fine to coarse-grained and contains mostly quartz fragments.
The sand beco~es finer downward and grades into silt.
and flat bedding are found throughout the sediment.

Cross bedding
The thickness of

the individual beds decreases from about 0.1 metres in the gravel to
about 2 millimetres in the silt near the base of the unit.
The "Crow Flies High lake sediment" consists of thinly bedded,
very-fine sand, silt, and clay.

The color of the sediment is dark

grayish brown when wet and light brownish gray when dry.

The grain

size of the sedi~ent decreases downward from very fine sand and coarse
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silt near the top, to fine silt and clay about 3 or 4 metres below the
top.

Flat bedding and small scale cross bedding occur in the unit and

show some slight contortion,
fro~ 0.5 to 20 millimetres.

The individual beds range in thickness
Rust colored iron-oxide staining occurs

along so~e of the bedding planes.
The total thickness of the two units is about 10 metres.

The

"Osborn fluvial sediment" is about 1. 5 metres thick whereas the "Crow
Flies High lake sediment" is about 8.5 metres thick.
The "Osborn fluvial sediment" is unconformably overlain by the
sediment of the Oahe Formation.

The nature of the lower contact of

the "Crow Flies high lake sediment," however, is uncertain because it
is beneath the surface of Lake Sakakawea.

Evidence described by

Clayton (1972, p. 58) and reasoning put forth in this paper in the
historical interpretation section sugg€st that the sediment was deposited after the ice of Glaciation D retreated from McKenzie County,
but before the ice had retreated from Mountrail County.

Therefore,

the "Crow Flies High lake sediment" probably stratigraphically overlies the Deraicks Lake Formation although the contact betw~en the
/

units was not observed.
The "Crow Flies High lake sediment" was probably deposited in
a lake formed when glacial ice in Hountrail County dammed the Missouri
River.

The "Osborn fluvial sediment" was probably deposited in streams

tributary to the Missouri River that were active during or after the
glaciation that resulted in the deposition of the "Crow Flies High
lake sediment."

The time of deposition of the units is uncerta.in,
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Oahe Formation
The Oahe Formation consists of a generally thin layer of nonbedded silt and very fine sand that has been deposited over much of
McKenzie County.

The Oahe Formation has been formally named and

described by Clayton, Moran, and Bickley (1976).

·other studies have

been done by Bleumle (1971, p. 25), Clayton and Moran (1971), and
Ulmer and Sackreiter (1973).
The Oahe Formation consists mostly of poorly consolidated,
nonbedded or vaguely bedded very-fine sand and silt.

The color of

the sediment is mostly light gray or light brownish gray with several
thin brown or black layers.

Iron-oAide staining is found in some of

the exposures giving some of the layers a reddish brown coloring.
Structural features in the sediment include large columnar joints
and burrows caused by burrowing animals and insects.

The persistent

color horizons in the sediment, and the small variations in grain
size between some of the layers suggests vague bedding in some e:xposures.

Plant fragments are com.~on in the upper part of the formation

and pebbles carried down into the sediment by burrowing animals are
/

occasionally found.
The thickness of the formation ranges from only a few millinietres to over 1. 5 metres.

The Oa.he Formation unconformably overlies

most of the other stratigraphic units in the county.

It is the sur-

face unit where it oceurs.
The Oahe Formation waa deposited as a result of ,.;ind activity
in the area.

The age of the formation is uncertain but evidence dis-

cussed by Clayt:on and others (1976, p. 9-12) suggests that deposition
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of the sediment probably began sometime before the final retreat of
glacial ice from western North Dakota.

Deposition of the sediment has

continued intermittently up to near the present time.

The upper few

millimetres of the formation in many areas was deposited during the
dust bowl period of the 1930s.
Coteau Formation
Bickley (1972, p. 59-65) described the Coteau Formation and
indicated that it contain two facies, a black silt and clay facies and
a gray, organic, pebbly, sandy, silt and clay facies.

However, accord-

ing to Clayton (1976, personal communication) the Coteau Formation is
now generally considered to consist only of the black silt and clay
facies found in slough bottoms.
A 1-metre hand auger sample of the black silt and clay of the
Coteau Formation was obtained from a small, marshy slough in the northeast part of the county in an area of hummocky glacial topography.

The

sample was water saturated as the slough contained some standing water.
The top 0.1 to 0.15 metres of the sample contained nonbedded silt and
clay with partially decomposed plant fragments.

Below this, discernable

plant fragments were absent, but the black color suggested a large content of organic material.

An analysis of the relative proportions of

various grain sizes in the sediment indicated an average of 52 percent
clay and suspended organic material, 43 percent silt, and 4 percent

sand and gravel.

A small number of spherical hematite concretions,

0.5 to 2 millimetres in diameter, were found but total less than 1 percent of the sediment.

The sand and gravel consisted mostly of suban-

gular and subround quartz fragments, and a few scoria fragments.

No
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shells of aquatic animals were found, and the sediment contained only
a trace of carbonate material.
Most of the occurrences of the black silt and clay of the Coteau
Formation in McKenzie County are found in an area that consists of
poorly drained, hummocky glacial topography.

This area is located in

the eastern part of the county east of Tobacco Garden Creek and is
called the Charleson End Moraine.
The Coteau Formation overlies the Demicks Lake Formation and is
the surface sediment where it occurs.
The sediment consists of slopewash and windblown sediment along
with organically derived material deposited in sloughs in areas of hummocky glacial topography such as the Charleson End Moraine in McKenzie
County.

The sediment has been deposited since the retreat of the ice

of the last glacier in the county.
Arvilla Formation
The ·bottoms of stream valleys in McKenzie County contain two
general types of sediment known as the Arvilla Formation (Clayton,
1976, personal com.~unication).

One type of sed~ment consists of

poorly sorted silt, sand, and some gravel and occurs mostly along
tributary streams of the major rivers in the county.

The other type

of sediment consists of poor to well sorted clny, silt, s.:l.nd, and
gravel and is found in nearly every stream valley but is thickest
in the major valleys such as the Yellowstone, Missouri, and Little
Missouri River valleys.
For convenience, I will refer to the poorly sorted silt, sand,
and gravel occurring along the tributary streams of the larger rivers
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as the silt and sand facies of the Arvilla Formation.

The clay, silt,

sand, and gravel found ~ostly in the major stream valley bottoms will
be referred to as the sand gravel facies.

It is not my intent to rede-

fine the Arvilla Formation in terms of these two facies but only to
make the discussion easier to follow (Figure 12). ·
The silt and sand facies of the Arvilla Formation consists of
light grayish brown, poorly sorted and loosely consolidated, clayey,
silt, sand, and sandy gravel found mostly in small bluffs along streams
in the county.

The upper 0.3 to 0.5 metres of the facies consists of

generally dark colored, massive silt and fine sand containing abundant
root fragnents and other organic debris.

Below this, the organic debris

becomes less abundant, and the sediment becomes lighter colored.

The

sedi~ent shows some discontinuous bedding and includes scattered interbedded layers of sandy gravel.

The rock fragments in the gravel inc~ude

limonite, scoria, and various metamorphic and igneous rock types.
The sa.~d and gravel facies of the Arvilla Formation consists of
clay. silt, sand> and gravel deposited by the present streams.
sediment is moderately sorted in most areas.

The

Sedimentary structures

in the sediment include both small and large scale cross bedding and
flat bedding.

The gravel contains various metamorphic, igneous, and

sedi~entary rock types depending on the source area of the particular
streatl.

Iron-oxide staining is common in touch of the sediment.

The

sand is mostly fine to medium grained and contains mostly quartz fragments.

Organic material is common in much of the sediment.
The thickness of the Arvilla Formation ranges from less than

1 metre in some of the small stream valleys to more than 35 metres
based on drill hole data from railroad bridge drill holes along the
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Fig. 12. Diagram showing the relative locations of the two
facies of the Arvilla Formation in HcKenzie County.
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Missouri and Yellowstone River (Howard, 1960, p. 71).
mation unconformably overlies the Fort Union Group.

'£he Arvilla ForIt is the surface

unit where it occurs.
The silt sand facies of the Arvilla Formation was deposited in

the bottoms of stream valleys as a result of slopewash, wind, and stream
activity.

A detailed study of the sediment near the Little Missouri

River by Hamilton (1967, p. 151-158) found thnt most of the sediment
exposed in the stream valleys has been deposited within about the last
200 years.

The sand and gravel facies of the Arvilla Formation consists of
stream sediment deposited on the flood plains and in the channels of the
present streams.

The age of the sand and gravel facies is not certain

but most of the. sediment eA'"{)osed near the surface was probably deposited
during th,:; Holocene Epoch.

GEOLOGIC HISTORY
Cartwright Depositional Episode
The Yellowstone, Hissouri, and Little Missouri Rivers flowed
north towards Hudson Bay during the late Pliocene or early Pleistocene
Epoch along a surface about 90 metres above their present floodplains
(Bleumle, 1972, p. 2189).

In McKenzie County, remnants of this surface,

about 0.5 to 1 kilometre wide, are found along the present Yellowstone
and Missouri Rivers.

A similar surface occurs along the Little Missouri

River; however, it is not certain if this surface correlates with the
high level surface along the Yellowstone and Missouri Rivers.

Alden

(1932, p. 31-32) noted this surface along the Yellowstone and Nissouri
Rivers in North l:lakota and eastern Montana and referred to it as the
"Number 2 Bench" (Figures 13 and 14).
A layer of stream deposited sand and gravel, about 3 to 5 metres
thick, occurs along parts of the "Number 2 Bench" in Hcl<em:ie County.
Howard (1960, p. 21) described this seduuent and referred to it as the
"Cartwright Gravel."

In this report, the "Cartwright Gravel" is consid-

ered to be part of the Glass Bluff Formation.
In McKenzie County, the Glass Bluff Formation was apparently
deposited only by the Yellowstone River, although some of the gravel
occurs along the Missouri River southwest of Williston, North Dakota.
It is unlikely that the Missouri River contributed any material to the
formation because the lack of glacially derived pebbles in the gravel
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Fig. 13. Time-distance diagram from north to south along the
Yellowstone River Valley.
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Fig. 14. Time-distance diagram fro~ north to south along the
abandoned channel of the Little Missouri River.
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indicates that the area had not been glaciated when the sediment was
deposited, and therefore the Missouri River probably had not yet been
diverted to its present course through :McKenzie County.
Missouri and Yellowstone River Diversion
After the deposition of the. Glass Bluff Formation, the Yellowstone, Missouri, and Little Hissouri Rivers were diverted southeastward
to near their present positions by a glacial advance into the area
(31eurole, 1972, p. 2184).

Although little is known about the diversion,

it appears that the ice ~ntered North Dakota from the north or northeast
and dammed the rivers diverting them southeastward along the margin of
the ice sheet.

The glacier either remained in position long enough to

allow the rivers to become entrenched below their prediversion levels,
or the ice deposited enough sediment in the abandoned valleys to prevent
the rivers from resuming their northward courses after the ice retreated.
A similar and better understood diversion occurred along the Little
}!issouri River in }icKenzie County during a later glaciation.

This

diversion is discussed in the section on the Little Missouri River
diversion.
Crane Creek Fluvial Episode
A period of downcutting by the major rivers in McKenzie County
began sometime after deposition of the sediment of the Gl~ss Bluff Formation.

It is not certain, however, if it started before, during, or

after the diversion of the rivers southeastward.

The absence of any

terraces within about 70 metres of the surface along which the sediment of the Glass Bluff Formation occurs suggests that the downcutting
of the rivers was fairly continuous.
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The downcutting ceased temporarily when the rivers were about 10
to 15 metres above their present floodplains.

The rivers stabilized at

this level long enough to form a relatively broad, flat surface within
the valleys.

Remnants of this surface form a distinctive terrace' along

the Yellowstone and Missouri Rivers.

Alden (1932, p. 61) studied this

terrace in Montana and North Dakota, and referred to it as the "Number
3 Bench."

Howard (1960, p. 19) also examined the terrace and found a

gravel layer occurring along parts of the bench.
the "Crane Creek Gravel."

He named the gravel

I did not find any of this gravel in McKenzie

County although Howard indicated the presence of an exposure near the
mouth of Tobacco Garden Creek.

It is possible, ho,..tever, that the expo-

sure has been covered by the water of Lake Sakakawea.
Glaciation A
Downcutting of the major rivers resumed once again sometime
after the rivers had stabilized on the "Number 3 Bench" and continued
apparently mostly uninterrupted until the county experienced the first
of the four most recent glaciations in the area.
The rivers had cut do\mward to near or below their present
levels when the first glaciation began as evidenced by the occurrence
of sediment that was deposited during the earliest advance near the
present level of the floodplains.
This glaciation, here referred to as Glaciation A, probably
entered the county from the north or northeast.

No good directional

indicators associated with this advance were found in the county.

How-

ever, a southerly or southwesterly direction of flow is considered most
probable because the source of the ice \..tas probably to the northeast,
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and it is known that later glacial advances in the area advanced from
the north or northeast.
Glaciation A was the most extensive of the four known glaciations in the county as shown on Figure 9.

At its maximum extent, the

ice of this advance probably extended to within 15 or 20 kilometres of
the south boundary of the county.
The ice of Glaciation A deposited the sediment of the Medicine
Hill Formation in McKenzie County.

The pebble-loam of the Medicine

Hill Formation contains abundant scoria and limonite fragments derived
from the Fort Union Group and shale probably derived from the Pierre
Formation.

The abundance of this shale suggests that bedrock was

exposed in much of the area to the north at least, when this advance
took place and that older glacial sediment was very sparse or absent.
This is further suggested by the absence of any older glacial sediment
beneath the Medicine Hill Formation.

This suggests that the county

had not been glaciated for a long time before Glaciation A.

Lake Phase of Glaciation A
The ice of Glaciation A danuned both the Yellowstone and Little
Missouri Rivers forming Lake Glendive in the valley of the Yellowstone
River and Lake Mikkelson (Howard, 1960, p. 82-83) in the valley of the

Little Missouri River.

The Missouri River was dammed to the west in

Montana but may have drained along the margin of the ice into Lakes
Glendive and Mikkelson (Alden, 1932, p. 81-82).

The existence of these

lakes is based mostly on the rensoning that the ice that occupied the
valleys almost certainly dammed the flow of the rivers thereby forming
large lakes.

Also, the drainage changes that occurred along the
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Little }1issouri River required the presence of a lake in the Little
!Ussouri River Valley (see below).

The only sediment found in McKenzie

County that was deposited either 6£ these lakes is located in the valley
of Charbonneau Creek and was probably deposited in Lake Glendive.
sedi~ent is considered part of the Hedicine Hill Formation,

This

Other expo-

sures of sediment thought to have been deposited in Lake Glendive are
located in Montana (Howard, 1960, p. 82).

Lake Glendive
Lake Glendive was probably the larger of the t~o lakes but only
the eastern edge extended into }1cKenzie County.

At its ma~imum extent,

the lake probably reached an elevation of about 150 metres above the

present stream level (based on the elevation required for Lakes Glendive
and Mikkelson to drain eastward along the ice margin forming the present
Little Missouri channel).
about 150 metres.

The maximum depth of the lake was probably

The total area covered by the lake is uncertain.

Lake Glendive was connected by a series of drainage channels
with Lake Mikkelson.

The main drainage channel was located along the

present course of Haydraw Creek in the southern part of the county.
When the ice withdre·w north·ward other drainage channels 'Were uncovered.
Lake Mikkelson
Lake Mikkelson was named by Howard (1960, p. 82) for a settle:::nent that was located in the Little Missouri River Valley near the south
border of the county.

Lake Mikkelson was probably not as extensive as

Lake Glendive, but it covered much more of McKenzie County.

The size

of the lake is uncertain, but it may have extended as far south as
Slope County (Colten and others, 1963),

The elevation of the lake
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was probably about the same as that of Lake Glendive because the two
lakes were connected by large channels.

The depth of the lake was

probably about 50 to 75 metres.
Little Missouri River Diversion
The Little Missouri River.flowed northward at one time through
a broad, flat channel now occupied by Tobacco Garden Creek, Cherry Creek,
and several other smaller streams.

This channel extends northeastwa::d

from the present channel of the Little Missouri River as shm,m on Figure 15 and is more than 2 kilometres wide in places.

The floor of the

channel is relatively smooth and flat excep~ near its north and south
ends where modern streams have deeply entrenched it.
The evidence supporting the idea that this channel was formerly
occupied by the Little Missouri River includes the following:

(1) It

is unusually large and has a flat bottom that probably cannot be attributed to the present streams in the channel, (2) It is aligned with the
present Litt.le Missouri River channel before the river bends eastward,
and (3) Limonitic gravel found along the abandoned channel is similar
to gravel presently being deposited by the Little Missouri River.

Apparently the Little Missouri River was diverted from this
channel to its present channel through Roosevelt National Park.
Leonard (1916a, p. 303) cited the following evidence to support the
idea of this diversion:
1.

Many of the tributnries along the Little Missouri River east of
the diversion point are much shorter than most of the tributaries
upstream from the diversion point suggesting a shorter time for
development
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Fig. 15.

Prediversion Little Missouri River drainage system.

66

LAl(f SAKAKAWt:A

.•· ........_

·.....··

..........
'\

POST DIVERSION LITTLE MISSOURI RIVER
STREAM
DIRECTION OF

STREAM

FLOW

67
2.

The part of the valley downstream from the diversion point is
much narrower and steeper than the Little Missouri River valley
to the south

3.

Low lying terraces present along the Little Missouri River upstream
from the diversion point are absent in the lower part of the valley
Several explanations have been given to explain this diversion.

Meldahl (1956) suggested that the Little Missouri River was captured by
eastward flowing streams and diverted to the east along its present
path.

Leonard (1916a, p. 300-303), Howard (1960, p. 69), and others

have suggested that the Little Missouri River was dammed by glacial ice
and that the water filling the valley overflowed the valley along the

ice margin forming a new channel.

This explanation for the diversion

appears to be the most reasonable idea.

Evidence supporting the gla-

cial explanation for the diversion includes the closeness with which
the Little Missouri River follows the southern margin of the glacial
sediment in the county and the apparent absence of any glacial sediment south of the river.

It is e~tremely unlikely that the glacier

advanced exactly to the Little }fissouri River and then stopped.
The glacial sediment that borders the diverted part of the
Little Missouri River (the Medicine Hills Formation) was deposited
by the ice of Glaciation A, suggesting that this was the glaciation

that caused the diversion of the river (Figures 14 and 16).

None of

the other glacial advances in the county extended far enough south
to cause this diversion.
The details of the history of the diversion can be inferred,
at least in part, from the present topographic configuration of the
area near the Little Missouri River.

Many of the tribut.iry streams
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Fig. 16.
~!issouri River.

McKenzie County during the diversion of the Little
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along opposite sides of the diversion course of the Little Hissouri River,
such as Redwing Creek and Bennett Creek, appear to have been connected
before the diversion and were cut in two by the Little Missouri River
when the diversion occurred.

Presumably, the ice blocked the lower

parts of the stream valleys, and when the drainage water moved along
the front the ice sheet, the water cut downward through the interstream
divides to an elevation below the valley floors, creating the present
channel of the Little Missouri River.

The tributary valleys were prob-

ably also occupied by lakes for a time, but no lake sediment has been
found in the valleys.

It seems likely, however, that either very little

sediment was deposited, or that the sediment was deposited and has since
been removed by erosion.
Little Missouri River Drainage Disruption
During and after the retreat of the ice of Glaciation A, the
drainage in much of McKenzie County underwent considerable change.

As

indicated by the orientations of stream channels shown on topographic
maps and aerial photographs, the most significant changes occurred
along the Little Missouri River and its tributaries.

As discussed in

the last section, when the Little. Missouri River was diverted eastward
by the ice of Glaciation A, the diversion water cut across the channels of many of the streams that had been westward flowing tributaries
of the prediversion Little Missouri River.

These streams included

Cherry Creek, Squaw Creek, Redwing Creek, and several other smaller
streall\S.

The diverted Little Missouri River cut below the prediver-

sion levels of these streams by as much as 40 or 50 metres (the difference in elevation between the abandoned valley floor and the
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present valley floor of the Little Missouri River).

After the diversion,

the upper parts of these streams, southeast of the diverted Little Missouri River, probably continued to flow to the north or w~st ~long their
prediversion paths towards the river (Figure 17).
The situation was different, however, in the lower parts of these
streams north and west of the Little Missouri River.

Although direct evi-

dence is lacking 1 it appears that headward erosion along these stream valleys began after the diversion and worked its way northwestward from the
Little Missouri River towards the abandoned valley of the river.

This

process reversed the gradients of these valleys and therefore reversed
the direction of the flow of the streams and also permitted some of the

larger streams such as Cherry Creek to capture other streams flowing
along the abandoned Little Missouri River Channel.

As a result, the

Little Missouri River still drains much of the same area as it did
before the diversion although the drainage patterns have been altered.
A major exception to this is Tobacco Garden Creek which drains
a large area north of Watford City.

The diversion of the Little Mis-

souri River did not radically effect the drainage system of this stream
except that the stream now flows directly into the Missouri River at
the north end of the abandoned valley of the Little Missouri River.
Glaciation B
The ice of Glaciation B entered McKenzie County from the north

or northeast sometime after the retreat of the ice of Glaciation A.
Sediment deposited by this ice is not found as far south as that of
the sediment of Glaciation A, indicating that this glacial advance
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Fig. 17. Map showing present drainage system of the Little
Missouri River in McKenzie County.
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was not as extensive as Glaciation A.

At its maximum extent, the ice of

Glaciation B probably covered about one half of Mcl~enzie County (Figure

14).
The ice of Glaciation B deposited the Horseshoe Valley Form.:ition.
This sediment contains less locally derived bedrock material than the
sediment of Glaciatio~ A suggesting that there was less bedrock exposed
durint Glaciation B.

However, in most places the Horseshoe Valley For-

mation directly overlies the Fort Union Group indicating that a period
of erosion occurred after Glaciation A that removed part of the Medicine
Hill Formation.

The extent of this erosion is uncertain because of the

lack of good e:xposures in many areas.

Mo major, permanent drainage changes were produced in McKenzie
County during Glaciation B.

Presumably, the ice dammed the major.rivers,

creating several large lakes and diverting the rivers from their nonelacial channels, but no permanent changes in the drainage occurred.
Glaciation C
The ice of Glaciation ltentered McKenzie County sometime after
the retreat of the ice of Glaciation 8.

Striated boulders occurring

beneath the sedi~ent deposited by the ice of this advance, and the
presence of a series of northwest-southeast oriented washboard moraines
in the northwest corner of the county indicate that the ice came from
the northeast.

The sediment deposited by the ice of this advance does

not occur as far south as that of Glaciation B, indicating that Glaciation C was less extensive than the previous glaciations (Figure 14),
The actual extent of the advance, however, is uncertain because of the
small number of good eA-posures.

--~ - .

-

75
The sediment deposited by the ice Glaciation C is included in
the Snow School Fonnation.

The Snow School Formation overlies the Horse-

shoe Valley Formation in nearly every outcrop examined.

This, combined

with the similarity in appearance of the two units, suggests that only
a small amount of erosion occurred during the time between the tvo glaciations.
Glaciation D
The ice of the most recent glacial advance in McKenzie County,
Glaciation A, consisted of a relatively small lobe that occupied the
prediversion valley of the Little Missouri River north of Watford City.
The position of the ice lobe of this advance suggests that the ice
entered the county from the north or northwest.

The ice advanced to

within about 10 kilometres of the present site of \Jatford City.
The eastern ntargin of the ice of Glaciation D at its ma:{imum
extent is indicated by a strip of hummocky glacial topography occurring
along the east sid·e of the abandoned valley of the Little Missouri
River.

This strip of land has been called the Charleson End Moraine

(Colton and others, 1963).

The western margin of the ice lobe is

thought to have been along the vest edge of the abandoned valley of
the Little Missouri River because of the apparent limited extent of
the ice to the east of the valley and the absence of any sediment
deposited by this ice in the western half of the county.

The ice of

Glaciation D probably also e~tended a few miles southeast of the
Mi-souri River in the northeast part of the county near Four Bears
Bridge as indicated by exposures of the De.micks Lake Formation in
this area.

76
The sediment deposited by the ice of Glaciation Dis included
in the Demicks Lake Formation.

This sedilllent is found mostly in areas

along Lake Sakakawea in the northeastern part of the county.

The sedi-

ment is similar to other glacial sediment in the county although it
contains relatively abundant shale fragments.
Although no stream diversions or drainage disruptions comparable
to the diversion of the Little Missouri River by the ice of Glaciation A
occurred in McKenzie County occurred during Glaciation D, two significant geologic events did take place.

These included the formation of

the Charles End Moraine and the creation of a temporary lake in the
valley of the Missouri River.
"Crow Flies High lake sediment"
and
"Osborn fluvial sediment"
Clayton (1962, p. 58-61) described the "Crow Flies High lake
sediment" and the "Osborn fluvial sediment" in Mountrail County near
Four Bears Bridge and cited evidence suggesting that the sediment was
deposited in a lake and stream system that existed during or after the
t1.ost recent glacial advance in the area.

Figure 18 shows that the ice

of Glaciation Din McRenzie County almost certainly could not have
resulted in the formation of the lake and str_eam system in which the
sediment of the two units was deposited because the ice occup1ed the
same position that the lake and streams supposedly occupied.

It is

unlikely that the glacier and the lake and stream system could have
occupied the same area at the same time.

It is possib1e, however,

that before or after the ice of Glaciation D entered McKenzie County,
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Fig. 18. This map shows the· relationship between the ice of
Glaciation D (Demicks Lake Formation), the "Crow Flies High lake
sediment," and the "Osborn fluvial sediment."
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the ice in Mountrail County dammed the Missouri River near Four Dears
Bridge resulting in the deposition of the lake and stream sediment.
Clayton cited evidence indicating, that the glacier did not advance
further south after deposition of the "Crow Flies High lake sediment"
and "Osborn fluvial sediment," which suegests that the ice of Glaciation D had already extended across the Missouri River and up the abandoned valley of the Little }1issouri River and had mostly melted, at
least near the river, by the time the lake and stream sediment of the
two units was deposited.
Origin of the Charleson End Moraine
The Charleson End Moraine lies along the east side of the valley of Tobacco Garden Creek.

It

extends southward from near the

Missouri River about 25 kilometres and is about 3 kilometres uide.
The sediment is between 15 and 30 metres thick in much of the moraine.
The topography on the moraine is poorly drained and consists of numerous sloughs, eskers, circular disintegration ridges, and other features
common to hummocky glacial topography.
This moraine closely resembles the dead-ice moraine found on
the 1U.ssouri Coteau.

The dead-ice moraine on the coteau formed when

the Wisconsinan glaciers east of the Coteau moved into the Coteau from
the Drift Prairie and experienced considerable compressive flow and
marginal thrusting.

This brought a large amount of sediment to the

surface of the glacier.

The ice stagnated on the Coteau and, because

of the thick cover of sediment, melted more slowly than the ice to
the east that had a thinner sediment cover.

This resulted in much

irregular melting of the ice and the subsequent formation of the
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numerous ice stagnation features present on the Coteau today (Clayton,
1967. p. 25-46).

The stagnant ice features present on the Charleson End Moraine
probably formed in much the same way as the stagnant ice features on
the }Iissouri Coteau.

Active ice flowed up out of the valley of Tobacco

Garden Creek and onto the uplands east of the valley.

This resulted in

compressive flow within the ice and considerable thrusting along shear
planes within the ice that carried a large amount of sediment from the
base of the glacier to the surface.

Subsequent differential melting

of the ice resulted in the stagnant ice features present on the
noraine today.
The Charleson End Moraine also contains several large blocks of
stratified silt and clay located in sec. 30, T153N, R.95W along Sand
Creek.
e>..-posed.

The blocks are about 15 to 20 metres wide where they are
The beds within each block. are relatively parallel and show

no significant contortion.

The separate blocks, however, are steeply

tilted relative to one .another and appear to be both overlain and
u.~derlain by pebble-loam of the Demicks Lake Formation.

Leonard

(1916b, p. 526) described this outcrop but did not discuss the origins of the blocks.

HoYard (1960, p. 28) described the outcrop and

suggested that the blocks consisted of lake sediment deposited during the glaciation.

lie suggested that the ice formed a dam along

Sand Creek creating a lake in which the sediment was deposited.

He

suggests that this situation is analogous to Demicks Lake which is
a fey kilometres to the south along the moraine and is the result
of ice and sediment damming a west flowing.
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It seems unlikely that this sediment was deposited in a proglacial lake in this area as described by l!oward, at least during
Glaciation D.

No lake sediment was found cast of the moraine near the

exposures of these blocks.

Lake yediment would be exp~cted if the ice

had dammed a west flowing stream as apparently happened at· Demicks Lake.
A superglacial lake formed on top of the stagnant ice might have
resulted in the deposition of similar sediment but ·would probably show
considerable contortion of the sediment within the blocks because of
the melting of the ice beneath (Clayton and Cherry, 1967, p. 47-48).
An ice-walled lake plain would not show much contortion within

the blocks but would probably have conspicuous flat topographic form
such as the ice-walled lake plain located on the moraine a few kilometres to the south of the blocks.

The topography where these blocks

occur is hununocky and bears no resemblance to the nearby ice-walled
lake plain.
These blocks are probably the result of older sediment masses
being quarried from beneath the ice where the bed is frozen and then
being brought up into the ice by thrusting within the glacier.

Clayton

and Moran (1974, p. 81-119) have proposed a glacial model which explains
how blocks sediment beneath a glacier can be carried up into the glacier.

The blocks of sediment in the Charleson End Moraine can be read-

ily explained by this model.

According to the model, the blocks of

sediment were quarried by the ice from a zone of frozen sediment
beneath the glacier.

This zone is thought to have existed beneath

the glacier in areas now characterized by features such as eskers,
disintegration ridges, and ice-walled Lake Plains.

These features are

characteristic of the Charleson End Moraine (Figure 19).

Fig. 19. Diagram. showing the development of the Charleson End
Moraine and the emplacement of the large blocks of stratified sedit:?ent.
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The model requires an excess of ground pressure beneath the ice
in order for the frozen blocks to be quarried.

However, I was unable

to determine if this condition existed beneath the. ice of Glaciation D.
After the blocks have been loosened from the bed by quarrying,
they must be carried up into the glacier.

This requires the existence

of shear planes within the ice along which the blocks of sediment can
be thrust upward.

The Clayton and Moran model indicates that glacial

thrusting can be eXPected in the ice where the glacier has stagnated.
Evidence described above indicates that stagnant ice was probably
present in the area of the Charles End Moraine and therefore the
necessary thrusting probably occurred in the ice Glaciation Din
the area of the Charleson End Moraine.
This explanation for the origin of the blocks of sediment
readily explains the surface configuration of the blocks and the
position of the blocks within the pebble~loam.

It is unlikely that

with this process the surface configuration of the blocks would be
much different from most other areas of the moraine.

The tilted

position of the blocks within the sediment is to be expected with
this type of process in which the blocks are carried up into the
ice and ooved around while remaining mostly in tact.
Postglacial Geologic Activity
The rate and character of sediment deposition in McKenzie
County and else~here in western North Dakota followin& the retreat
of the last glacial ice from the area was probably controlled·mostly

by climate.

During cool and moist periods, the hillslopes were

covered with vegetation which proved good cover for the underlying
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sediment and consequently retarded ,rl.nd and water erosion.

Because of

the lack of available sediment during these.times, the rate of sediment
deposition was probably also slow.

When the climate became warmer and

drier, the vegetation cover decreased, exposing the sediment and allowing wind and water erosion to increase.

This also increased the sedi-

ment supply while decreasing the ability of streams to carry it away,
thereby probably increasing the rate of sediment deposition (Hamilton,

1967, p. 155-156).
According to Clayton (1972, p. 66) the last glacial ice is
estimated to have melted in most of western North Dakota about 13 000
to 14 000 years ago.

From that time until ~he beginning of the Holo-

cene Epoch, about 10 000 years ago, the cl·imate in the area was cool
and moist with most of the area being covered by a spruce-aspen woodland (Clayton and others, 1976, p. 9-10).
In McKeniie County, wind and water erosion and deposition during this time was probably slow.

Some deposition of the sediment of

the Coteau For.nation probably occurred in sloughs on the Charleson
End Moraine, but otherwise very little deposition occurred in the
county.
Recent studies suggest that from about 10 000 to 8 500 years
ago, the climate warmed slightly and the vegetation in western North

Dakota shifted to prairie vegetation (Clayton and others, 1976, p.
11-13).

The rate of deposition may have increased slightly during

this time but not considerably because the vegetation cover was probably still fairly strong.

It seems reasonable to believe that depo-

sition in sloughs in the area changed somewhat, although no samples
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were obtained from deep enough sloughs in McKenzie County to detennine
the types of changes.
Evidence described by Clayton an~ others (1976, p. 12) indicates that the climate became several degrees warmer and much drier in
western ?;orth Dakota from 8 500 to 5 000 years ago.

Sediment deposi-

tion and erosion probably increased greatly during this time.

Although

deposition of the lower part of the windblown sediment of the Oahe Formation probably occurred before the retreat of glacial ice from the
area, most of the Oahe Formation was probably deposited during this

warm and dry period.

This deposition occurred as a result of the

reduced vegetation cover and slop stability.
Deposition probably also increased during the warm and dry
period in many valley bottoms, but how much, if any, of this sediment
is in the exposed part of the Arvilla Formation in McKenzie County is
unkno,:,m.

According to Hamilton (1967, p. 151-156) most of the sedi-

ment of the Arvilla Formation exposed along valley bottoms near the
Little Missouri River was deposited within the last several hundred
years.

Deposition of the sediment of the Coteau Formation probably
also increased during this time.

However, the. amount of increase is

uncertain and, because of the lack of samples from the upper 1 metre
of· the sedinent, it is not known if there was a change in the character of· the sediment being deposited.
From 5 000 years ago to the present, the climate fluctuated
several times between warm and dry periods and cool and moist periods.
Consequently the character and rate of deposition and erosion probably
also varied.
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Deposition of the upper part of .the Oahe Form::ition occurred during the dust bo~l period of tpe 1930s (Clayton and others, 1976, p. 12).
As mentioned previously, most of the Arvilla Formation in the

bottoms of stream valleys near the Little Missouri River has been deposited within the last several hundred years.

This is probably true of

the sediment in the valleys in most of the county.

According to

Hamilton (1967, p. 156), deposition of this sediment probably ceased
about 1880 and downcutting through the sediment has occurred since
that time.

Some deposition, however, probably occurred during the

warm and dry dust bowl period of the 19.30s when the vegetative cover
was thinner than at present.

SUMMARY
Fourteen lithostratigraphic units have been identified in
McKenzie County.

The oldest sediment found was deposited during the

Paleocene Epoch, and the youngest sediment was deposited during the
Holocene Epoch.

Most of the sediment was deposited as a result of

wind, stream, slopewash, lake, and glacial activity in the area.
The roaj or rivers in the county passed through several s_tages

of development before the most recent series of glaciations in the

county.

At some time in the past, possibly before the county had

experienced any Pleistocene glaciation, the Yellowstone, Missouri,
and Little Missouri Rivers flowed north towards Hudson Bay on a sur-

face about 90 metres above their present floodplains.

Alden (1932,

p. 31-32) referred to remnants of this surface as the "Nutnber 2
Bench."

The rivers were diverted from their northerly courses to

near their present paths probably by a glacial advance into the
area.

The time of this diversion is unknown, however.
Downcutting of the major rivers to a level within about 10 to

15 metres above their present floodplains probably occurred after
diversion, although it is not certain when the downcutting was actu-

ally initiated.

After downcutting had ceased, the streams temporarily

stabili~ed along a surface about 10 to 15 metres above their present
floodplains.

Remnants of this surface were referred to by Alden (1932,

p. 61) a.s the "Number 3 Bench."

87

88

Downcutting resumed once again after the rivers had formed "Number 3 Bench11 surface and continued probably until they reached near or
below their present levels.

The downcutting tvas then interrupted by the

first of four most recent glaciations in the county.
The ice of the glaciation that interrupted the downcutting, Glaciation A, entered the county from the north or northeast and dammed the
mjor rivers forming at least two large lakes.

These lakes occupied the

valleys of the Little Missouri River and Yellowstone River.

Eventually,

the water in the valley of the Little Missouri River rose high enough to
drain out of the valley-eastward along the margin of the glacier forming
the river's present path through the North Unit of Roosevelt National
Park.
Glacier A deposited the pebble-loam of the Medicine Rill Formation in the county.

The bedded silt and clay above the pebble-loam of

the Medicine Hill Formation was deposited in a glacial lake possibly
associated with Glaciation A.
Two more glacial advances occurred after the retreat of the ice
of Glaciation A and are referred to as Glaciations Band C.

Both gla-

ciers probably entered the county from the north or northeast.

The

glaciations resulted in the deposition of the sediment of the Horseshoe Valley and Snow School Formntions respectively.
The most recent glacial advance in the county, Glaciation D,
entered the area probably from the north and was restricted to the

valley of Tobacco Garden Creek north of Watford City.

This advance

resulted in the deposition of the sediment of the Demicks Lake Formation.

The ice of this advance stagnated when it flowed into the

high area east of the valley forming the strip of hununocky glacial
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topography known as the Charleson End Moraine.

Lake sediment, overlain

by a layer of silt, sand, and gravel, is found near the Charles End

Moraine near the mouth of Tobacco Garden Creek and may have been deposited in a lake associated with Glaciation D.

The lake sediment and

the overlying gravelly fluvial sediment is referred to as the "Crow
Flies High lake sediment" and the "Osborn fluvial sediment."
The climate becnme warm and drier after the end of the glaciations in McKenzie County and resulted in the deposition of the sediment
of the Oahe, Coteau, and Arvilla Formations.

The sediment was deposited

mostly as result of wind, stream, and slopewash activity in the county
and was controlled, at least in part, by climatic conditions.

Most

deposition probably occurred during the warm and dry periods when the
protective vegetation cover was sparse or absent.
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GRAIN SIZE

A,;.~

COARSE SAND LITHOLOGY OF PEBBLE-LOAM

*Grain Size%
(Sd-St-Cl)

Samole
Number

**Coarse Sand Lithology%
(?-Ieta & lgn-Carb-Sh)

Demicks Lake For.nation

7/24-8
7/18-6
7/18-8
7/18-7
8/16-12
8/6-11
7/18-2
7/14-3u') .J.~3:
7/14-31) .
7/24-9
tn -:;5;,t
7/18-9
1/22-5
8/6-5
8/6-6
8/6-3

7/22-7

44-26-39
26-31-44
26-40-34.
30-37-32
33-34-32
34-38-28
24-41-34
.20-38-42
20-35-45
32-34-33
28-33-39
24-29-47
28-37-35
28-37-35
27-38-35
27-40-32

58-26-15
64-32-4
51-40-9
62-14-32
49-38-14
59-29-12
55-38-7
57-38-5
63-25-11
54-37-9
59-39-2
52-36-11
43-32-25
45-35-14
44-40-16
49-38-14

53-20-26
33-35-32
49-31-28
33-35-32
28-34-38

88-12-0
88-3-9
78-22-0
78-19-3
81-19-0

Snow School Foruation

7/14-7
7/22-:--6

7/10-llu
7/18-3
7/21-19

V

Horseshoe Valley Formation

7/lOllL
7/18-4
8/5-8
8/5-4
8/5-5
7/25-14
7/21-14
7/21-12
7/21-11
7/29-14

26-42-33
27-38-35
27-41-32
30-35-35
30-34-36
15-51-34
19-38-43
13-41-45
16-43-41
28-36-36

67-29-4
66-28-6
60-28-11
66-31-3
65-25-10
60-35;...4
61-34-0
64-36-0
63-37-0
64-33-2

*(Sd-St-Cl): (sand-silt-clay)
**Oleta & lgn-Carb-Sh): (metamorphic and igneous rock types-carbonate
rock types-shale}

D
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Samole
Number

Grain Size%
(Sd-St-Cl)

Coarse Sund Lithology
(Meta & Ign-Carb-Sh)

Horseshoe Valley Formation (continued)

8/5-7
7/21-17
7/18-11
7/25-15
7/21-21
7/25-12
7/25-10
8/5-11
8/5-12
8/5-13
7/29-8
7/29-16
7/12-12

y ,,

23-40-37
32-34-33
25-39-35
20-37-43
24-32-44
29-34-36
38-29-33
30-35-35
27-34-39
28-27-45
28-35-37
26-36-38
29-33-38

58-41-1
67-30-3
69-30-1
51-49-0
67-33-0
69-31-0
55-45-0
62-38-0
71-29-0
65-30-5
57-36-7
65-33-2'
65-33-2

26-37-37
31-35-34
26-35-39
25-37-37
29-26-45
19-39-42
17-33-50
23-39-38

64-34-2
56-36-8
43-39-17
56-42-2
63-28-9
51-23-26
69-26-5
57-37-6

·-

,.

-. )

Medicine Hill Formation

7/19-3
7/24-7
7/21-8
7/24-6
7/21-10
7/24-5
7/19-5
7/21-3
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LITHOLOGY OF G~VEL
Samo le Numb er

*Pebble Lithologz._!
Meta.

Vole.

Qtz.

Chert

Carb.

25
30
20
15
2
25
30

10
5

0
2

5

0

5

0

Other

Chene:z: Creek Formation

8/5-6
8/5-9
7/28-4
7/28-10
1/25-5
7/29-13
7/25-3

20
25
20
15
20
15
30

15
10
15
20
20
15
10

10
15
15

5

30
25
25
30
40
30
20

20
20
25

10
15
10

45
40
35

5
5

5

5
5

3
5

5

Cartwright Formation

7/29-7
7/29-5
7/28-2?

20
20

25

3

Charbonneau Creek Formation -- upper member
8/5-6
7/28-14
7/28-6

10
10
15

5

0

15
15
10

0

55
65
70

15

20

15

40

15
5

5

5

5

0

Redwing Creek Formation

8/6-2

5

*Meta. (metal!lorphic), Vole. (volcanic), Qtz. (quartz and quartzite),
Carb. (carbonate), Other (mostly limonite, scoria, sandstone, siltstone, and petrified food)
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SAMPLE LOCATIONS
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7/21-19
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8/5-4
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Sam2le NU!!lber
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